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Esophageal cancer is a common malignant tumor in digestive tract. Every year, 
about 300,000 people died from esophageal cancer around the world. So it’s a serious 
threat to people's lives and health. Moreover, without obvious symptoms, early 
esophageal cancer affects the doctors’ diagnosis and misses the most treatable stage. 
The development and popularization of endoscopic ultrasonography improves the 
resolution of esophageal imaging and it becomes a necessary inspection means of 
early esophageal diseases. The diagnosis of esophageal EUS examination is affected 
by the subjective factors of the doctors, so its applications are restricted in different 
degrees. With the spreading and application of computer technology, it is of great 
significance to analyze medical images with computer technology and assist doctors 
in finding lesions. 
The dissertation mainly studied the classification of the EUS images, including 
esophageal leiomyoma, early esophageal cancer and normal esophagus. Based on 
graph theory, the classification of esophageal EUS images first transformed the 
images into graph structures. Combined with the thermodynamic depth information 
model, it built K-layer center expansion subgraphs around every vertex, computed 
their Shannon entropies and then took the entropies as texture feature vectors of the 
graph. Finally, depth-based graph kernel and support vector machine were used to 
train and classify graphs.  
The dissertation analyzed esophageal EUS images’ texture feature and studied 
pattern classification algorithm in order to obtain more accurate and objective 
diagnosis information. It promotes more widely use of endoscopic ultrasonography in 
the digestive diseases, further improves the accuracy and application value of 
endoscopic ultrasonography and help in-depth analysis and judgment for refractory 
diseases. 
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描（治疗用），分别如图 1-2 和图 1-3 所示。 
 
图 1-2 环阵扫描超声电子内镜 

























膜下层、固有肌层和外膜。如图 1-4 所示，正常食管 EUS 图像为 5 层结构，从
黏膜层开始依次为第 1 层高回声（明），第 2 层低回声（暗），第 3 层高回声（明），
第 4 层低回声（暗）和第 5 层高回声（明）。它们与食管壁的组织病理学呈一一
对应关系：第 1 层高回声和第 2 层低回声对应黏膜肌层和黏膜固有层，第 3 层高
回声对应黏膜下层，第 4 层低回声对应固有肌层以及第 5 层高回声对外膜层。如
果食管发生病变，这清晰的 5 层结构就会受到破坏，比如说最常见的食管平滑肌
瘤，它在超声内镜下表现为源自食管壁第 2 层（黏膜肌层或黏膜固有层）或第 4
层（固有肌层）的均匀低回声病灶（图 1-5 红色标注部分），可为圆形、类圆形
或不规则形，围绕食管生长可呈马蹄形，边界清晰，瘤体可向食管腔内或腔外生


















   图 1-4 正常食管 EUS 图像       图 1-5 食管平滑肌瘤 EUS 图像 
 
 




























动脉、气管、心包、下腔静脉等。很多研究显示，EUS 对食管癌的 TNM 分期优
于 CT（Computerized Tomography，计算机断层显像）、PET（Positron Emission 























医学图像 图像分割 特征提取 分类判别 诊断结果 



























通过计算机对食管 EUS 图像自动分析诊断的研究还未见报道。 
1.3 研究内容与创新 
本文通过对食管 EUS 图像进行纹理特征的分析以及模式分类算法的研究，
提供食管 EUS 图像的自动分类方法，通过提取 EUS 图像的纹理特征作为客观诊
断指标，提高食管超声内镜早期诊断的准确性。本文的创新之处主要在于以下几
点： 
1. 将食管 EUS 图像的诊断识别模式化,有利于根据食管疾病的特点进行分
析和归类，充分发挥计算机的优势，进行分析研究与程序化识别。本文首次将计
算机技术应用于食管 EUS 图像的分析,用于提高食管疾病诊断的准确率。 

























征提取方法；接着具体介绍 EUS 图像分类的过程：基于 SIFT 和 Harris 将 EUS
图像转换为图结构，使用基于深度信息的图核算法和支持向量机对图进行分类，





Tamura 纹理、Laws 纹理、小波变换的纹理特征描述和提取。 
第四章，图的构建，介绍基于 SIFT 和 Harris 算子提取关键点，将 EUS 图像
构建成图的过程。 
第五章，图的分类，采用基于深度信息的图核，通过计算中心扩展子图的复
杂度信息，并据此对 EUS 的图结构进行匹配，使用 SVM 对图训练分类，并最终


























和两个顶点之间的关系的集合 VR。若 <v,w> ∈ VR，则 <v,w> 表示从 v 到 w 的
一条弧(Arc)，此时的图称为有向图。若 <v,w> ∈  VR 同时必有< w,v > ∈ VR，即
VR 是对称的，则以无序对 <v,w> 代替这两个有序对，表示 v 和 w 之间的一条
边(Edge)，此时的图称为无向图。在无向图 G(V, E)中，若顶点集 V 可分为两个
互不相交的子集 V1 和 V2 且图 G 的每条边关联的两个顶点分别属于 V1 和 V2，则
称图 G 为二分图。如图 2-1，依次为有向图、无向图和二分图。 
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